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Why D branching fractions to hadronic final states?

e Critical normalizations for processes involving charm
quarks

- e.g.[(B,— D D) for determining Al of B_ CP eigenstates

* Interesting in their own right: short distance weak
decay and long distance QCD effects make hadronic D
decays an interesting laboratory

— weak annihilation effects? SU(3) breaking importance? etc.

e Other uses

- e.g. tracking efficiency from reconstructed D° — K t* t* 1
vs. D° — K" 1t

Here | will show updates with the full CLEO-c dataset
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CESR

_ ___ ___ e 768 m symmetric e'e
storage ring on Cornell
campus

* Long and fruitful history:
— B physics @Y,
— D physics @ ,
— quarkonium,
— light source,

— accelerator testbed

* Energy tunable for
various studies
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Datasets

818 pb™* @ 3.77 GeV 586 pb* @ 4.17 GeV
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Fully Reconstructed Events

0141009-001
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Basic Technique

* Run at energies where we only produce X with X:
~ 3.77 GeV: D°D®, D*D" (below DD threshold)
- 4.17 GeV: D _* D_(below D DK threshold)

* So reconstructin_g a D in an event forces the rest of the
event to have a D: we can then get the branching

fractions from
“double tags”

N(DD,D — X)/e(D — X given D)
N (D)

-

B(D— X) =

"single tags”

* |n practice we count reconstructed D, 5, and DD events

and use a fit to extract the branching fractions
Pioneered by Mark Il
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Systematics

N(DD,D — X)/e(D — X given D)
N (D)

B(D— X)=

* Limited by
- single D reconstruction efficiency
— vyield determination

— correlation between single and double tag reconstruction
« ForD°— Kmand D_— KK, biggest systematic is per-
track reco efficiency

— for D° — Km, almost equal systematic is final state radiation
modeling (D° — Kt + soft y)
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Tracking Systematics

* Kaon, pion MC-data differences studied using partial vs
full reconstruction of DD events
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3.77 GeV: D°, D*

* Two body production: D°D°, D*D-; momenta, energy
fixed in CM frame

e Use“AE” and “beam constrained mass” variables for
selection:

AFE = Ep — Epeam mpc — E; — ]5%
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Yields: Single Tags

1
1 1 1 1 1 L 1 L L 1 L L 1 1 1
‘ har eS Comblned 1.83 184 185 186 1.87 1838 189 183 184 185 1.86 1.87 188 189 1.83 184 185 186 187 188 189
My (GeV/c?) M, (GeV/c?) M, (GeV/c?)
D*—>K atxt DK xt at n® D+_)KS m*
Sa0000| € 4500
1\ " . $o0000 3 4000
quare root vertica Sasooop 2 w00
20000 < 3000
5 KTtmt 3 2500
S1s000F ﬁzouo
| z g
10000 |- 1500
1000
s000}-
500
Krtrme
1 1 1 1 Il L 1 L L 1 L L 1 1 1
183 184 185 186 167 1838 189 183 184 185 186 187 188 189 183 184 185 186 187 188 189
+ My (GeV/e?) M, (GeV/c?) M, (GeV/c?)
D D’sKsn* T D'>K K" =t
$ 8000 % s000f
2 7000 % 2500k
= 6000 'E'zooo
Sk KK
P 3 TT
S 4000 5 1500
> >
* 3000 * 1000
2000
500
1000
<3
1 1 1 1 1 L 1 1 L 1 1 1 1 1 1
183 184 185 186 167 188 189 183 184 185 186 187 188 189 183 184 185 186 187 188 189
My (GeV/e?) M, (GeV/c?) M, (GeV/c?)

16 Aug 2013 Peter Onyisi




Yields: Double Tags

« 2D fitinm_ (D) vs mBC(B) incorporating various effects

(correlation via initial state radiation, beam energy
spread, mispartitioned events, other combinatorics)
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Results (D°, D*)

* PDGo4 comparison (more recent editions have CLEO
results in them)

» PDGO4 WM CLEO 818 pb™

W CLEO 281 pb™'
I I ! L] L]

K m* ﬂ

K™ m*m® - o

K'n'n m* - e Source B(D® - K 1v")

Km*n* - CLEO 2007 (281 pb)  3.891 + 0.035 + 0.069
Cnnnt BaBar 2008 4.007 + 0.037 + 0.072
K’sm* ey This result (818 pb?)  3.935 + 0.021 + 0.061

Kign*non® M
K'K*m* o iH Preliminary
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4.17 GeV: D *

 Dominant production mode is D *D e
Ds* —> DSY Eé 4; : . ; XX Q.D*D, :
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“F v? ! v v 1 R
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Modes

* 16 reconstructed final states, 13 branching fractions

« WedonotdoaD_ — ¢mmeasurement

- Very good D, — KK Dalitz plot analyses done,
implementations available in EvtGen
- We recommend that you compute your acceptance for ¢t

with your cuts and the Dalitz plot, then normalize with our
KKt branching fraction

D — K{K* Df - K K'nw* D — KiK' 7"
D — KK D/ - K K'n"#a" Df - KK 7" 7~
Df = KK w*w* Df—aw"mwta7 Df —mty,,
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Kinematic Selection

e Recoil mass peaks at m(D_*) for “direct” D_(those that are not
daughters of D_*); is smeared around this for “indirect” D_

— Tight cut for good S/B
— Loose cut for good efficiency

e Then use DS invariant mass
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Signals

Single tags Double tags (combined)
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Results (D)

* new mode added since to 298 pb™ result

Error down from 4.9%
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Caused by changed
. m°correction,
resonant substructure
in MC

Consistent results
. for different n, n' decay
modes

Previous CLEO analysis with
smaller phase space, more
aggressive systs

PDG n'incl: (11.7 + 1.8)%
> PDG n'excl: (18.6 + 2.3)%

New 2 n'excl: (11.7 £ 0.9)%

0.4 0.6

previous value was wrong

0.8 1.0 1.2 1.4

Ratio to PDG 2012

arXiv:1306.5363, accepted by PRD

30 Apr 2013

Peter Onyisi

(tension noted by Gronau
& Rosner)

Sum of measured modes:
(40.7 £ 1.8)% of D_ decays




Summary

e CLEO is updating reference D hadronic branching
fractions to full dataset

— D°/D*: 828 pb; preliminary results shown here

- D,: 586 pb*; arxiv:1306.5363

* Results are most precise values available
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Extra
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CLEO-c (1306.5363) H—e—H

Belle (1307.6240) ——eo—

BaBar (1008.4080) [ -
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Resonant Structure
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